Background: Mexican immigrants are disproportionally affected by diet-related risk of metabolic dysfunction. Whether adhering to a traditional Mexican diet or adopting a US diet contributes to metabolic changes associated with future risk of type 2 diabetes and other chronic diseases has not been investigated. Objective: The purpose of this study was to test in a randomized crossover feeding trial the metabolic responses to a Mexican diet compared with a commonly consumed US diet. Design: First-and second-generation healthy women of Mexican descent (n = 53) were randomly assigned in a crossover design to consume a Mexican or US diet for 24 d each, separated by a 28-d washout period. Diets were eucaloric and similar in macronutrient composition. The metabolic responses to diets were assessed by measuring fasting serum concentrations of glucose, insulin, insulinlike growth factor 1 (IGF-1), insulin-like growth factor binding protein 3 (IGFBP-3), adiponectin, C-reactive protein (CRP), and interleukin 6 (IL-6), as well as the homeostasis model assessment of insulin resistance (HOMA-IR) at the beginning and end of each period. Linear mixed models tested the intervention effect on the biomarkers, while adjusting for diet sequence, feeding period, baseline and washout biomarker concentrations, age, acculturation, and BMI. Results: Compared with the US diet, the Mexican diet reduced insulin by 14% [geometric means (95% CIs): 9.3 (8.3, 10.3) compared with 8.0 (7.2, 8.9) mU/mL; P = 0.02], HOMA-IR by 15% [2.0 (1.8, 2.3) compared with 1.7 (1.6, 2.0); P = 0.02], and IGFBP-3 by 6% (mean 6 SEM: 2420 6 29 compared with 2299 6 29 ng/mL; P , 0.01) and tended to reduce circulating concentrations of IGF-1 by 4% (149 6 2.6 compared with 144 6 2.5 ng/mL; P = 0.06). There was no significant intervention effect on serum concentrations of glucose, adiponectin, CRP, or IL-6 in the US compared with the Mexican diet. Conclusion: Compared with the commonly consumed US diet, the traditional Mexican diet modestly improved insulin sensitivity under conditions of weight stability in healthy women of Mexican descent, while having no impact on biomarkers of inflammation. This trial was registered at clinicaltrials.gov as NCT01369173.
INTRODUCTION
Mexican immigrants are the largest growing minority group in the United States; compared with non-Hispanic white women, women of Mexican descent are at greater risk of overweight and obesity (1, 2) . Obesity greatly increases the risk of low-grade chronic inflammation and insulin resistance, and, therefore, future risk of chronic disease, including type 2 diabetes (T2D), 5 cardiovascular disease, and certain types of cancer (3) (4) (5) (6) . Therefore, Mexican immigrants in the United States with high rates of obesity are at greater risk of insulin resistance and detrimental inflammatory profiles (7) .
The ethnic variation in disease risk may be due to genetic predisposition and environmental factors (e.g., diet, socioeconomic status, and/or disparities in access to health care) that may put Mexican descendants at a greater risk of metabolic disease (8, 9) . Acculturation, or the process by which immigrants adopt the host-country lifestyle, is suggested as modifying the associations between diet and risk of metabolic disease (10) . Among Mexican descendants, greater acculturation has been associated with lower consumption of their mostly healthy traditional Mexican foods, which include plentiful fruit, vegetables, legumes, and whole grains (11, 12) . Conversely, greater acculturation has been associated with adherence to US diets, usually low in fruits and vegetables and high in refined grains and added sugars (13, 14) .
Diet patterns characterized as Western or typical (standard) of the United States have been associated with a higher risk of T2D, partly through effects on insulin sensitivity, insulin-like growth factors (IGFs), and inflammatory responses (15) (16) (17) (18) . In contrast, greater adherence to traditional dietary patterns, such as the Mediterranean or Mexican dietary patterns, usually high in fruits, vegetables, and legumes, are associated with reduced inflammation, as measured by serum C-reactive protein (CRP) and serum IL-6 concentrations, and lower risk of T2D (19) (20) (21) (22) . Observational studies also suggest a link between diet and concentrations of the key anti-inflammatory and insulin-sensitizing adipokine, adiponectin (23, 24) , independent of body weight (25, 26) . However, it remains largely unclear whether a causal relation underlies these observed associations. It is unknown whether diet composition affects insulin sensitivity and biomarkers of inflammation through a primary effect on body weight and adiposity, or whether the specific types and patterns of food consumed in and of themselves affect these intermediate disease risk biomarkers.
We hypothesized that, compared with a commonly consumed US diet, a traditional Mexican diet would improve insulin sensitivity and lower biomarkers of low-grade chronic inflammation under conditions of weight stability. To test this hypothesis, we measured the metabolic and inflammatory responses to a US compared with a traditional Mexican diet in a randomized crossover feeding trial in first-and second-generation healthy women of Mexican descent.
METHODS

Study population
Study participants were first or second generation healthy women of Mexican descent, aged 18-45 y. Women were eligible if they were premenopausal nonsmokers, and had a BMI (in kg/m 2 ) between 18.5 and 40.0. Women were excluded from the study if they had physician-diagnosed diseases requiring dietary restrictions or certain medications (e.g., anti-diabetics with diabetes, insulin, and statins) that would unduly affect the study outcomes, including those medications directly affecting glucose metabolism. Such diseases included diabetes mellitus, kidney disease, metabolic disorders (e.g., thyroid disease or disorders that require chronic steroid use), cardiovascular disease, or any previous cancer diagnosis or treatment. In addition, women were excluded from eligibility if they had an elevated fasting glucose ($100 mg/dL) measured at a study screening visit, current or recent pregnancy (within the past year), lactation or plans to become pregnant during the duration of the study, or a daily intake of $2 alcoholic drinks. Participants were recruited from the greater Seattle area with the use of in-person and media-based strategies between October 2011 and April 2014. The Institutional Review Board and Clinical Trials Office of the Fred Hutchinson Cancer Research Center (FHCRC) approved the study protocol, and all participants gave written informed consent (clinicaltrials.gov; NCT01369173). Bilingual research staff was available and all study materials were in English and Spanish.
Study design
Enrolled participants provided information on demographic characteristics, physical activity (27) , and acculturation through baseline self-administered questionnaires. A 4-item scale, including birthplace, language spoken most of the time, language thought, and ethnic identity, was used to assess acculturation as previously reported by others (28) . Study participants were also instructed to record all foods and beverages in a 3-d food record before the feeding trial. Diet records returned by each participant were reviewed for completeness and potential errors before data entry and analyses with the use of the Nutrition Data System for Research (version 2010, Nutrition Coordinating Center, University of Minnesota). Enrolled participants were randomly assigned to consume a US or traditional Mexican diet for 24 d each in a crossover design, separated by a 28-d washout period. On the first day of the feeding trial, weight, height, and body circumferences (waist and hip) were measured with the use of a standardized protocol (29) . Weight was monitored 3 times/wk throughout the feeding phase of the trial.
Diet design
Study intervention diets were designed to be eucaloric (i.e., diets that provided energy content for weight maintenance), and different in foods and beverages, but similar in macronutrient composition (50% energy from carbohydrates, 15% energy from protein, and 35% energy from fat). The standard or typical US diet design was based on the contribution of foods and beverages to the total intake of food items reported by the US population (ages $2 y) in the 2003-2004 NHANES (30) . These primary foods included refined carbohydrates, vegetable oils, nonfat or low-fat milk, processed foods, processed meats, and sugarsweetened beverages. It is important to note that the commonly consumed US diet was not designed to meet all of the recommendations for a healthy diet. The traditional Mexican diet design was based on peer-reviewed publications and historical review of food composition of traditional Mexican diets in Mexico and the United States (30) (31) (32) . Traditional Mexican diets are usually a mixture of Native Mesoamerican foods (pre-Hispanic) and Hispanic foods, which primarily consist of cornbased dishes cooked with chilies, garlic, onions and herbs, beans, squash, citrus fruits, rice, meats, and lard (32) . Thus, the Mexican diet was designed to reflect traditional diets in Mexico dating back to pre-Hispanic foods, Hispanic foods introduced by Spaniards, and foods consumed in Mexico up to the 1940s (i.e., before Westernization). Therefore, the traditional Mexican diet in the study included beans, corn tortillas, traditional Mexican soups such as menudo and pozole, traditional Mexican mixed dishes such as tamales, citrus fruits, vegetables [including nopales (cactus pads) and jicama], animal fats, full-fat milk, and "aguas frescas" (a combination of fruits and flowers blended with sugar and water).
A 7-d menu rotation was standardized for the commonly consumed US and traditional Mexican diets with the use of ProNutra (version 3.2, Viocare Technologies), and the Nutrition Data System for Research (version 2010, Nutrition Coordinating Center, University of Minnesota). All foods and most beverages were prepared by the Human Nutrition Laboratory at the FHCRC. The experimental diets were prepared under controlled conditions. Every meal was carefully measured out to meet an individual's estimated energy requirements, packaged, and distributed to study participants 3 times/wk. Energy intake was regulated to maintain the study participant's weight within 3% of baseline weight. Individual energy requirements were calculated with the use of the Mifflin equation (33) , together with the study participant's usual intake from the 3-d food record, age, and reported physical activity. Each participant was assigned a specific energy intake amount that ranged between 1800 and 2600 kcal/d, and dietary energy adjustments were made in 200-kcal increments, if necessary.
Participants were "free-living" but were instructed to eat or drink only the foods and beverages provided to them, except for drinking water. They were encouraged to report daily deviations from the prescribed diet, including any nonstudy foods and beverages consumed during the trial. Adherence to the controlled diets was assessed from daily checkoff forms that were customized for each day's food and beverages and returned food that was weighed and recorded 3 times/wk.
Sample collection and analyses
Trained medical assistants collected blood samples on the first and last day of each feeding period after a 12-h fast, for a total of 4 blood draws. Samples were processed and stored at 2808C until analysis. Glucose was measured at the Northwest Lipid Research Laboratories (University of Washington) on a Roche Module P chemistry autoanalyzer (Roche Diagnostics). The intra-assay CV for glucose was 0.7%. Insulin was measured at the Diabetes Endocrinology Research Center Immunoassay Laboratory (University of Washington) with the use of a Tosoh 2000 autoanalyzer (Tosoh Biosciences). The intra-assay CV for insulin was 7.8%. Total adiponectin (Total Adiponectin EIA; Aplco), IGF-1 (Human IGF-I Quantikine ELISA; R&D Systems), insulin-like growth factor binding protein 3 (IGFBP-3) (Human IGFBP-3 Quantikine ELISA; R&D Systems), and IL-6 (Human IL-6 Quantikine HS ELISA; R&D Systems), were measured according to manufacturers' instructions with the use of immunoassays. CRP was measured on a Roche Cobas Mira chemistry analyzer with the use of CRP (3) Wide Range reagent (Kamiya Biomedical Company) and a high-sensitivity protocol. These analyses were conducted at the FHCRC Biomarker Core Laboratory. All samples were analyzed in duplicate, and blinded duplicates were included in assay analyses to assess performance. Intra-assay CVs were 1.3%, 1.5%, 1.8%, 2.3%, and 3.3%, and interassay CVs were 8.0%, 6.2%, 6.2%, 7.3%, and 4.8% for adiponectin, IGF-1, IGFBP-3, IL-6, and CRP, respectively.
Statistical analyses
A sample size of 50 participants was determined a priori for a 2-sample z test, assuming no carryover effects from the washout period. The absolute differences between the 2 intervention diets detectable with 80% power (type I error = 0.05) were mean changes of 2.0 for insulin (mU/mL), 2.3 for glucose (mg/mL), 8.5 for IGF-1 (ng/mL), 0.4 for IGFBP-3 (mg/mL), 1.9 for adiponectin (mg/mL), and 0.1 for CRP (mg/L) and IL-6 (pg/mL), respectively. Plots were used to visually examine the distributions of all variables. Shapiro-Wilk and Kolmogorov-Smirnov tests also were used to test the normality of the data. Variables that did not meet the assumption of normality were transformed with the use of the ln function. These included insulin, the calculated HOMA-IR, adiponectin, CRP, and IL-6. HOMA-IR was computed by taking the product of fasting serum insulin (mU/mL) and serum glucose (mg/dL) and dividing this by 405 (34) .
The nutrient composition of the experimental diets was compared with the use of t tests. Linear mixed models were used to test the intervention effects, comparing the mean changes in the biomarkers from pre-to postintervention for the US compared with the Mexican diet, while adjusting for diet sequence, feeding period, baseline and washout biomarker concentrations, age, acculturation, and BMI (35, 36) . Diet treatment, diet sequence, and feeding period were treated as fixed effects and participant as a random effect in the models. Adjusted leastsquares means and 95% CIs for 2-sided tests were calculated, and P values ,0.05 were considered to be statistically significant. The adjusted least-squares means for log-transformed variables were presented as back-transformed geometric means. Exploratory subgroup analyses were conducted to assess the metabolic response to the diets stratified by BMI and waist circumference (WC) categories as follows: normal weight (BMI $18.2 to ,25) compared with overweight or obese (BMI $25), and WC ,88 cm compared with $88 cm, respectively. Because power calculations were performed only for the response to the diets in all study participants, the subgroup analyses were considered to be secondary. For study participants with CRP values $10.0 mg/L (n = 4, US diet; and n = 3, Mexican diet), sensitivity analyses were conducted for all biomarkers examined, with the exclusion of these study participants in the main and subgroup analyses. For all endpoints, results remained unchanged; therefore, we did not exclude these participants from the main analyses. All data analyses were conducted with the use of SAS software, version 9.3.
RESULTS
Baseline characteristics
First-and second-generation healthy women of Mexican descent aged 18-45 y were enrolled in the feeding trial. Of the 58 participants enrolled, 50 completed both feeding periods, whereas 3 completed only 1 feeding period ( Figure 1 ). There was no difference in the distribution of age, BMI, education, or acculturation status between the 50 women who completed both feeding periods compared with the 3 women who completed 1 feeding period (data not shown). Of these 53 women who completed at least 1 feeding period and were included in the final analyses, the majority were born in Mexico (62%), and 49% were overweight or obese (BMI $25) ( Table 1) . Adherence to the controlled diets was excellent, with participants consuming 97% of the provided foods and beverages from both diet arms. Consumption of any nonstudy foods was reported only by one-third of study participants, and contributed to less than 3% of participants' total energy intake on both diet arms. Participants' body weight remained stable for both diet arms as evaluated by linear mixed models adjusted for diet sequence and feeding period (mean 6 SD: Mexican diet: 67.3 6 0.7 kg; US diet: 67.4 6 0.7 kg; P = 0.5) (data not shown). Table 2 ). The US diet was higher than the Mexican diet in fructose (31.4 compared with 12.8 g/d), added sugars (92.3 compared with 38.4 g/d), glycemic index (64 compared with 57), and glycemic load (174 compared with 139). In terms of food groups, and compared with the US diet, the traditional Mexican diet was higher in fruits, vegetables, legumes, whole grains (including corn tortillas), animal fats, and full-fat milk. The US diet was higher in refined grains, processed meats, vegetable oils, grainbased desserts, nonfat or low-fat milk, and sugar-sweetened beverages compared with the Mexican diet. Examples of study menus are in Supplemental Table 1 .
Nutrient content of the commonly consumed US and traditional Mexican diets
Intervention effect of the diets on serum biomarkers of metabolic response
The intervention effect of the diets was tested by comparing the mean changes in the biomarkers from pre-to postintervention for the US compared with the Mexican diet in all participants and by BMI category (normal weight compared with overweight or obese). Fasting blood glucose concentrations were similar between diet treatments, and intervention effects did not differ by , and x 2 tests were used to compare categorical variables by BMI category. 2 Calculated with the use of place of birth, language spoken, language thought, and ethnic identification; ranges from 0 to 4. Table 3) . Fasting serum insulin was reduced by 14% (P = 0.02) and HOMA-IR by 15% (P = 0.02) for the Mexican compared with the US diet in all study participants. Compared with the US diet, the Mexican diet reduced circulating concentrations of IGFBP-3 by 6% (P , 0.01) and tended toward a reduction in circulating concentrations of IGF-1 by 4% (P = 0.06) in all study participants. There was no statistically significant intervention effect on the IGF1:IGFBP3 ratio, adiponectin, CRP, or IL-6 in all study participants or by BMI category. The only endpoint for which the response to diets differed significantly between normal weight and overweight or obese women was circulating concentrations of IGFBP-3 (P = 0.03).
BMI category (
We further examined whether the intervention effect of the diets on biomarkers of metabolic response differed by WC category ( Table 4 ) in the secondary analyses. There was no intervention effect on the IGF1:IGFBP3 ratio by WC category. Finally, similar to the results for adiposity categories based on BMI, there was a statistically significant difference in the response to the diets on circulating concentrations of IGF-1 and IGFBP-3 by WC category (P , 0.05), whereas no difference in the inflammatory response to the diets was found by WC category, as measured by adiponectin, CRP, or IL-6 concentrations.
DISCUSSION
This controlled feeding trial tested metabolic responses to a traditional Mexican compared with a commonly consumed US diet in first-and second-generation healthy women of Mexican descent. Under eucaloric conditions, and compared with the US diet, the traditional Mexican diet improved insulin sensitivity (HOMA-IR) by 15%, reduced circulating concentrations of IGFBP-3 by 6%, and tended to reduce IGF-1 circulating concentrations by 4%. However, the traditional Mexican compared with the US diet had no effect on serum concentrations of adiponectin, CRP, or IL-6. Nonetheless, these findings support the proposed benefits of following a traditional Mexican diet high in fruits, vegetables, beans, corn tortillas, soups, full-fat milk, and Mexican cheeses to help reduce diet-related insulin resistance and potential risk of metabolic dysfunction-related diseases. 2 t tests were conducted to compare the contents of the traditional Mexican and US diets. 3 Calculated as sums of 4 kcal/g carbohydrate, 9 kcal/g fat, and 4 kcal/g total protein. 4 Values correspond to naturally occurring sugars in foods and beverages provided. 5 Values correspond to glucose reference.
Our finding of significantly lower fasting insulin and HOMA-IR after the Mexican compared with the US diet in healthy women is notable. It should be emphasized that these diets were consumed under eucaloric conditions (i.e., body weight was kept experimentally at the baseline level). We expected a larger diet effect in the overweight or obese women, assuming that a possibly baseline insulin resistance may make them more likely to improve their biomarker profiles on a healthier diet. However, we saw a trend toward a greater difference in HOMA-IR in the normal-weight women in exploratory subgroup analyses by BMI category. One potential explanation for this is that, in our study population, body weight was inversely associated with age and acculturation status, such that the normal-weight women were younger and more acculturated. It is possible that they benefitted more from the traditional Mexican diet than the less acculturated overweight or obese women because of their otherwise more Westernized habitual diet. Another possible explanation is that the overweight or obese women may have benefitted less from the traditional Mexican diet because of a dominant effect of excess fat mass on processes determining insulin sensitivity. It could be speculated that a beneficial impact from diet composition on metabolic health may take longer to manifest in this group, or it may become apparent only when combined with weight loss. 1 Values are means 6 SEMs or geometric means with 95% CIs in parentheses. Normal weight: BMI (in kg/m 2 ) ,25; overweight or obese: BMI $25. CRP, C-reactive protein; IGF-1, insulin-like growth factor 1; IGFBP-3, insulin-like growth factor binding protein 3.
2 From linear mixed models testing the intervention effect of the Mexican compared with the US diet while adjusting for diet sequence, feeding period, baseline and washout biomarker concentrations, age, acculturation composite score, and BMI. 3 For diet effect within BMI category (normal weight compared with overweight or obese). 4 For diet effect difference between BMI category (normal weight compared with overweight or obese).
The traditional Mexican diet differed in many ways from the commonly consumed US diet, which may explain the differential effect on insulin sensitivity. These include 1) carbohydrate quality (glycemic load, fiber content and type of fiber, and added sugar content); 2) dietary sources of protein (predominantly plant compared with animal); 3) fatty acid composition (full-fat dairy and lard compared with low-fat milk and vegetable oil); and 4) micronutrient density. The traditional Mexican diet was higher in dietary fiber and lower in added sugars and glycemic index, all factors that previous trials suggest could affect insulin sensitivity (37) , although the data are not fully consistent in this regard (37, 38) . Although only a few other randomized controlled feeding trials exist and findings are inconsistent, observational studies suggest that traditional diets high in fruits, vegetables, and legumes, and low in glycemic index, reduce the risk of metabolic disease (17, (39) (40) (41) (42) .
Compared with those on the commonly consumed US diet, those on the traditional Mexican diet showed a modest but meaningful reduction in circulating concentrations of IGFBP-3 and a trending decrease in IGF-1. In exploratory stratified analyses by WC category, we found a differential diet effect in the reductions of IGFs in women with WC ,88 compared with $88cm. This differential effect could be explained by the dietinduced hyperinsulinemia in the US compared with the Mexican diet that may contribute to higher bioavailability of IGFs (43) . The lack of a substantial reduction in IGFs in women with a higher WC may indicate that a longer and more intense intervention or weight loss, along with dietary modification, may be necessary to elicit a change in serum IGFs in Latinas with higher body weight (44) .Whether the overall reduction in IGFs can be attributed to any of the specific dietary components of the traditional Mexican diet (i.e., nutrients, specific foods, or bioactive compounds) or a combined effect of these dietary factors cannot be determined from our study, because we tested the whole diet (45) (46) (47) (48) . Nonetheless, our findings are in agreement with a randomized crossover feeding trial of low-compared with high-glycemic load diets in healthy individuals, which reported a reduction in IGF-1 by 4% (49) . Furthermore, in a case-control study of individuals with colorectal adenomas, a diet pattern low in fat and high in dietary fiber, fruits, and vegetables was associated with reduced IGF-1 in both the case and control groups (50), although others have found null or opposite findings (51, 52) . The discrepancy between studies may be explained in part by differences in study designs, as well as the nutritional content of the diets and the ethnic-specific heterogeneity in endogenous concentrations of IGFs (43, 44) . Although the traditional Mexican compared with the US diet did not contribute to an intervention effect on the inflammatory biomarkers examined, it is unlikely that the null results are due to lower adherence to the diets, because study participants consumed at least 97% of all foods provided. It is possible that dietrelated changes on inflammatory biomarkers are most effective when coupled with weight loss. In agreement with this possibility, in a randomized crossover feeding trial in healthy individuals, a low-compared with high-glycemic load eucaloric diet significantly reduced CRP and increased adiponectin concentrations, respectively, only in individuals with high compared with low body-fat mass (53) . Similarly, in another controlled feeding trial in obese individuals, a diet rich in v-3 fatty acids did not increase adiponectin concentrations under eucaloric conditions, but only during the study's ad libitum period, when study participants' body weights were reduced (54) . This evidence suggests that diet-related changes in inflammatory profiles may be greater when coupled with weight loss.
The strengths of the study include being the first controlled feeding trial, to our knowledge, to test the effects of a US compared with a Mexican diet in an ethnic group disproportionally affected by diet-related risk of metabolic disease. This study is also one of few feeding trials in healthy and normoglycemic participants. As for the Mexican diet, we acknowledge the nutritional transition to Western-like dietary patterns in Mexico (55) . However, the Mexican diet in the study was designed to reflect diets before the widespread presence of USbased industries in Mexico (i.e., up to the 1940s) (56) . Limitations of the study include a modest sample size and the limited generalization of our findings; moreover, although adherence to the diets appeared to be high, there is always the possibility that some participants may not have been fully compliant. Finally, HOMA-IR is largely a measure of hepatic rather than insulin resistance. Dynamic tests may be better to capture changes in systemic insulin (57) .
In conclusion, compared with the commonly consumed US diet, the traditional Mexican diet improved insulin sensitivity, reduced circulating concentrations of IGFBP-3, and tended to reduce circulating concentrations of IGF-1 under conditions of weight stability. A novel contribution of this study is a better understanding of the effect of this particular dietary pattern that may be retained or adopted by Mexican immigrants as they acculturate to the US lifestyle. Our findings can inform future dietary interventions in women of Mexican descent who would benefit from maintaining their traditional Mexican diets.
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